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INTRODUCTION
There are two major categories of tooth movement: physiologic
and orthodontic. In response to orthodontic force a tooth can be
repositioned from one bony site to another. Bone apposition is found
adjacent to the tension side of the periodontal ligament. Tension,
transferred by the fibrous elements of the periodontal ligament to
the alveolar bone walls, is felt to be an important factor in help-
ing to explain this apposition. The presence of a functionally organ-
ized periodontal ligament is generally felt to be. a prerequisite for
the classical histologic response to orthodontic force applied to teeth.
Collagenous fibers constitute the tension transmitting part of the
periodontal ligament. Tnese fibers have physical properties which
are dependent upon the presence of multiple inter and intramolecular
cross-l~kages.
Lathyrogens are substances which interfere with the intramolecular
cross-l~king of collagen fibers and decrease the tensile strength of
collagen. Lathyrogens also produce marked alterations in the normal
histologic appearance of the rat periodontal ligament.
In the present investigation orthodontic force was applied to the
teeth of rats who were kept on a lathyrogen supplemented diet for a
specified period of time. The specific aims of this investigation
were:
1) to investigate whether treatment with a lathyrogen can
alter the typical histologic response to orthodontic
force at two areas of the alveolus subject to the pull of
periodontal ligament fibers.
2) to quantify the alveolar bone response at these two areas
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2and to compare the results from control and lathyrogen
"treated animals by statistical methods.
3) to investigate morphologic alterations in tissues treated
with a lathyrogen and subjected to orthodontic force.
REVIr-..I_ OF THE LITERATURE
The biologic response incident to orthodon~ tooth movement
ulti~tely involves alterations in the surrounding bony architecture. •
When orthodontic forces are exerted on a tooth or teeth, changes in
the periodontal structures (cementum, periodontal fibers, gingival
fibers, and alveolar bone) can be observed on the pressure and tension
sides of the tooth. On the pressure side, depending upon the magni-
tude, direction and duration of the orthodontic force, changes seen
are: compression of the periodontal fibers, formation of relatively
cell free areas, and ultimately resorption of bone. On the tension
side of the same tooth, stretching of periodontal fibers and new
bone apposition is seen. These changes in the periodontium continue
to ta~e place until the applied force is completely dissipated.
Since 1904 (Sandstedt) several theories of orthodontic tooth
movecent have been proposed. The major theories rely upon different
mechanisms to produce the signal for initiating the ultimate bone
response. The end biologic result is the same for all theories.
The first of these theories relies upon pressure and tension
changes mediated by the constituents of the periodontal ligament, to
produce eventual osseous alterations. This theory (Sandstedt 1904;
Oppenheim, 1911; Schwarz, 1932) relies upon the vitality of the perio-
dontal ligament. The collagenous fibers of the periodontal ligament
and vascular alterations are essential to the operation of this system.
The t~pressure-tension" theory of tooth movement relies upon stimuli
initiated within the periodontal ligament and does not involve or
require stimuli arising in areas distant from the periodontal ligament-
3
4alveolar bone interface (Baumrind, 1969). Tae metabolic and cellular
changes theorized by this mechanism have been questioned (Baumrind
and Buck, 1970).
A second major theory of orthodontic tooth movement relies upon
alveolar bone distortion to act as the initiating signal for the
morphologic results which invariably follow application of orthodontic
forces. In support of this hypothesis Grim (1972) measured distortion
(in vivo) of alveolar bone occurring in response to forces within the
orthodontic range. He concluded that the pressure-tension fiber
mediated mechanism may not be appropriate. Utley (1968) noted areas
of osseous activity well outside of the ligament. Storey (1953)
found that there was a wider zone of response to orthodontic forces
beyond the lamina dura. Tooth movement, as a surface effect, localized
to the periodontal ligament would not explain these observations.
Baumrind (1969) indicated that bone deflection can be produced by
orthodontic forces which are lower than those required to produce gross
reductions in periodontal ligament width.
The hydrodynamic theory of tooth movement (Bien, 1966; Bien and
Ayers, 1965) concerns itself essentially T~th vascular changes as
initiating factors.
A combination of the above theories is also possible. Zengo,
et al. (1973), indicated that bone distortion may be the primary
stimulus but that the periodontal ligament is necessary for the initial
force transfer.
Lathyrogep~
A lathyrogen is a chemical which will inhibit cross-linking
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between the polypeptide chains of the collagen molecule. The ability
of collagen to function as the major structural protein of various
tiss~es is dependent upon these cross-links (Barrow, et ale 1974).
Both the biochemical and biophysical characteristics of such collagen
can be altered (Tanzer and Gross, 1964) by lathyrogens. Fry (1962)
has reported that the tensile strength of aorta and skin collagen de-
creases to fifty percent of normal rat values when treated with a
lathyrogen. Bell (1960) and Vogel (1975) have reported a decrease in
the resistance of bone to bending stress after t'reatment with a
lathyrogen.
The lathyrogen to be utilized in this inves~igation, beta-
amin.opropionitrile (BAPN) prevents the formation of reactive 1ysy1
derived aldehyde groups on the polypeptide chains. The aldehyde
groups function as precursors for an intramolecular aldol product
cross-linking (Bornstein, 1970). BAPN appears to be a reversible
competitive inhibitor of the enzyme catalyzing the oxidative deamina-
tion of the lysyl groups (Page and Benditt, 1967).
BAPN reduces the ability of bone to resist distortion. It also
reduces the ability of collagen fibers to transfer stress to the
surrounding alveolar tissues.
The chemical was administered on a continuous basis as a supple-
ment to the solid food of the animals. This method of administration
has been used by multiple investigators (Carmichael, 1974; Krikos,
1958, 1959, 1964, 1965; Waldo, 1954). Continuous administration is
required since BAP~ is excreted by the animal within a twelve hour
period (King, 1972). Its effects are reversible and pri~4rily alter
6newly synthesized collagen fibers (Page and Benditt, 1967).
Orthodontic Looth Movement in Animals Treated with a Lathyrogen
A survey of the literature revealed only one study which had
investigated orthodontic tooth movement in animals treated with a
lathyrogen (Eaker, 1970). Five cats were administered D-penicil1amine,
a lathyrogen, w~le their cuspids were ~Qved distally using rubber
bands. Ba.~erts work is discussed more thoroughly in the discussion
portion of ttis i~vestigation.
Several investigations have studied the effect of lathyrogens
on rats and their periodontal apparatus (Gardner, et al., 1958;
Krikos, 1958, 1959, 1964, 1965; Marwah, et a1., 1963; Ponseti and
Shepard, 1954; Carmichael, 1974). The results of these studies were
used as a basis of information toward establishing the materials and
methods of t~s investigation (Table 1).
Krikos (1958), using 0.2% BAPN as the lathyrogen indicated that
the susceptibility to lathyrogens seemed to be proportional to the
organismS gr~Nth rate. He found that young animals were more easily
affected than older ones. Skeletal deformities seemed most severe in
areas which bear the most functional stress. Krikos noted changes in
the periocontal ligament after three days of treatment. These altera-
tions reached a maximum at 13 days.
The same investigator (1964) using 0.4% BAPN fumarate pair fed
to rats, reported fine, disoriented, collagen fibers which failed to
assemble and form fiber bundles. The response of the collagen to
injury and nor-~l masticatory force was found to be abnormal. Table I
summarizes tee 7arious methods used in t~ese and other investigations
7with lathyrogens.
Yoshikawa (1971), reporting on the basis of a histochemical and
autoradiographic study, indicated that the regions of injured perio-
dontal ligament probably would not function ~ell as a tooth sup-
porting apparatus.
MATERIALS AND METHODS
Twelve male Sprague-Dawley rats t 190-200 grams in weight and sixty
days of age were used. They were divided into two main groups on a
random basis.
Group I - Control animals - This group consisted of four animals
No lathyrogen was administered to these animals. An orthodontic force
was applied to their maxillary right first molars. The maxillary left
first molar served as a control side within the same animal.
Group II - Experimental animals - This group consisted of eight
animals. They were fed a lathyrogen supplemented diet and had a similar
orthodontic appliance application. The maxillary left molars served as
a control side within the same animal.
A. The lathyrogen
Beta-aminopropionitri1e (BAP~) as a fumarate was orally administer-
ed in a dosage of 0.6% as a dietary supplement to finely ground food.
The latter was necessary to avoid dislodging the orthodontic appliance.
This dosage level administered to animals of this weight and age has
been demonstrated to produce changes in the periodontal ligaments of
treated animals (Krikos, 196~).
B. The orthodontic appliance
The orthodontic force delivery system consisted of a .006 x .020
inch closed coil spring (Unitek #341-110). A one-quarter inch length
of spring was attached between the maxillary right first molar and
right incisor by light stainless steel ligatures (Fig. 1). A hole
was drilled through the incisor at its gingival margin to permit
8
9attachment. The ligature was passed interproximal1y between the
first and second molars and ligated around the cervical area of the
first molar. The device produced a force of about fifty grams upon
initial activation (Fig. 1). The design of this appliance made it
possible to extend force application to nine days. It is possible to
extend force application for much greater time periods using the spring
appliance. In order to minimize dislodgement of the appliance the
vertical length of the mandibular incisors were reduced.
Intramuscular injection of 10 mg/kg ketamine and 1 rug/kg promazine
was utilized to anesthetize the animals and to provide masticatory
muscle relaxation during appliance insertion. It was found that this
technique would produce a ten minute working time. Since appliance
insertion averaged fifteen minutes per animal, it was often necessary
to administer additional anesthetic.
c. Treatment phases
The laboratory phase of the project consisted of three major
phases.
(i) Phase I
This was an acclimitization period for the animals which lasted
seven days, permitting base line data to be collected. All animals
were housed in individual cages under identical conditions. Ground
meal and water were given ad libitum. Animal weight and food con-
sumption was recorded on a regular basis. At the end of this period
animals were randomly assigned to Group I or to Group II.
(ii) Phase II
This period lasted fourteen days, during which time rats in
Group II were administered BAPN on a continuous basis as a supplement
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to their diet. The BAPN supplement was continued until the end
of phase III. Group I rats during this phase remained on the
normal diet as in phase I.
(iii) Phase III
This final section of the laboratory phase of the inves-
tigation lasted nine days. All animals had the orthodontic appliance
inserted at the beginning of this period. At the end of phase III
all animals were sacrificed by asphyxiation. The heads and tibiae
were dissected and processed for histologic examination.
D. Histologic examination - Qualitative survey
All tissue specimen were fixed in ten percent fo~~lin
buffered with mono and dibasic sodium phosphate for forty-eight hours.
They were then washed and decal~ified in formic acid buffered with
sodium citrate for two to three weeks, depending on the rate of decal-
cification. After processing the major skeletal units Nere further
dissected and embedded in paraffin.
The right tibia of each rat was examined grossly and
histologically to verify that signs characteristic of osteolathyrism
had been produced in an endochondral bone. The arrang~ent and
function of Sharpey's fibers at the site of muscle insertion into
the tibia is relatively similar to the periodontal liga=ent fiber
attachment to alveolar bone. The mandibles of lathyrogen treated
animals were also histologically examined. The cranial sutures of all
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rats ~ere also histologically exami=ed. The franta-nasal, premaxillary-
maxillary, and fronto-parietal sutc:res were selected for examination.
It was felt that these areas might show histologic signs characteristic
of treatment with a lathyrogen since presumably collagen synthesis
would be actively occurring at these sites. The morphology of the
suture is somewhat analagous to that found in the periodontal ligament,
although relatively little movement between the interconnected hard
tissues occurs at the former site.
The sutures, tibiae, and mandibles were sectioned at 12 ~m thick-
ness for a stain specific for studying osteoid in decalcified tissu.e
(Ralis, 1975). This stain was used to study differences in quantity
and distribution of osteoid within the two groups of animals. All
specimen were also stained with hematoxylin and eosin (H & E) and
Masson trichrome for connective tissue fibers.
Tae maxilla of each animal was divided into two parts at the.
mid-palatal suture. All hemi-maxillae were sectioned at 7 ~m and
stained with either H & E or Masson trichrome. Serial sections were
cut parasagittally. All sections c~ntaining teeth were numbered and
mounted. Tissue blocks were oriented so as to section as nearly par-
allel to the long axis of the maxillary first molar as was possible.
Two sections on either side of the bucca-lingual midpoint area were
stained with H & E for the quantification of alveolar bone response
to the orthodontic force. A total of four consecutive sections from
each herni-maxilla were used in the quantitative examination.
E. Histologic examination - Quantitative survey
T~~ selected parasagittal sections of each hemi-maxilla were
photographed. Two areas of each section, at a magnification of 63X
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at the eyepiece, were neasured for alveolar bone response. The
standardized area of examination was ce~rcated by a framed field
visible in the microscope eyepiece.
The two sites selected for measureeent purposes were felt to be
alveolar surfaces which would be most clearly responsive to fiber
mediated force. Both were areas of definite periodontal ligament
"tension" when the maxillary first molar was moved mesially (Fig. 2).
The first area was that portion of the maxillary first molar
alveolus opposite the mesial aspect or the mesial root. A standardized
250 ~m length of~veolus starting 50 ~m apical to the alveolar crest
was selected for examination. It has been reported that, in the un-
treated rat, the alveolar bone bordering the periodo.ntal ligament in
this region is a resorbing surface, carked by a scalloped basophilic
margin after H & E staining (Dreyer t 1967; Roberts, 1974; Roberts and
Jee, 1974). As physiologic interproximal abrasion occurs, the rat
maxillary first molar tips distally to naintain contact with the secane
molar. This resorbing surface becomes carked as a reversal line when
orthodontic tooth movement is initiated, since the latter movement is
opposite to the usual physiologic drift pattern. Bone apposition now
occurs where resorption formerly occurred. The basophilic reversal
margin serves as a marker which separates existing alveolar bone from
that formed in response to the orthocontic stimulus (Roberts, 1974).
The second length of alveolus selected for quantitative examina-
tion was opposite the distal aspect of the distal root of the maxillary
first molar. A standardized length of alveolus extending ~pica11y fron
the crest of the interdental septum ~as selected for measurement. This
length of alveolus is normally a resorbing surface in the untreated
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animal (Dreyer t 1967). A basophilic reversal line analogous to the
mesial root alveolus survey area, was used to demarcate existing
bone from that formed in response to orthodontic movement of the
maxillary first molar.
Black and white photographs, enlarged to 5" x 7" were obtained
of both of the measured areas. New bone formation as measured from
the basophilic reversal line was traced. Three tracings were made of
each photo on separate occasions in order to obtain an indication of
the error involved in identifying areas of new bone formation. Area
measurements were then made from these tracings using a compensating
polar planimeter (Keuffel and Esser #620000). All planimeter measure-
ments were made under similar conditions.
F. Statistical treatment of the data
In order to test for significant differences between animal data
obtained from the quantitative histologic examination, and in view
of the multiple sources of variance inherent in the experimental design,
a nested (hierarchal) analysis of variance was deemed to be appropriate
(Sakal and Rohlf, 1969). This analysis, a three level nested ANOVA
with unequal sample size, was used only for the data relating to quanti-
fication of the bone response. By taking into account multiple sources
of variation, it was possible to obtain a clearer picture of the rela-
tion between BAPN ingestion and alveolar bone response to orthodontic
force.
A Student's t-test was used to analyze weight and food consumption
data.
RESULTS
A. Qualitative morphologic findings
Gross anatomic changes
Group II animals manifested systenic effects within seven to ten
days of initial BAPN administration. Effects ranged frow lethargy to
difficulty in motor coordination and ~ovement to more severe internal
complications. The latter reduced the ability of the rats to with-
stand the shock of anesthesia and spring insertion. Two animals were
lost from Group II at the time of spring insertion due to this cause.
Gross dissection of Group II anioals revealed exostotic masses
at sites of muscle insertion. Enlargements were noted at attachment
areas for the suprahyoid group of m~scles on the mandible, at areas
of masticatory muscle insertion, and at posterior cervical muscl.e in-
sertions. No exostoses were observed along areas of temporalis muscle
origin. Muscle tissue dissection from attached bone was ~uch easier
to perform in Group II animals relative to untreated Gro~p I anin~ls.
Increased tissue movement relative to underlying bone in lathyrogen
treated animals, inferred from ease of dissection, may be important
in initiating the formation of exostotics areas. Shifting of the
periosteum may result in a localized periostitis and periosteal prolif-
eration ..
Exostoses were found at the proxi~l end of the tibias of BAPN
treated animals. The tibial heads r.ad highly irregular surfaces and
were enlarged in all dimensions relative to the controls. Tibial head
widths ranged from 9 to 12 rom in the BAPN treated animals as compared
to 5 to 7 rom in the control animals.
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Animal weight and food consumption
Group I animals had a greater nean body weight (391 grams - Table II)
at sacrifice than did Group II BAPN treated animals (292 grams). Food
consumption data for BAPN treated animals indicated that their pattern
of intake was similar to that of the control animal group (Fig. 3 and
Appendix I). Both groups showed an alternating rise and fall in daily
food intake. Total food consumption per control group animal was in-
variably greater ,than for BAPN treated animals. Mean food consumption
for control animals were 798 grams, compared to a 577 gram mean food
consumption for BAPN treated animals (Table II). The control group
animals gained more weight per animal than did BAPN treated animals.
Growth curves of the former group continued to rise over the couse of
the experiment, while those of the BAPN treated animals exhibited curves
which leveled off abruptly concomitant with initiation of BAPN adminis-
tration (Fig. 4). BAPN treated animals consumed a greater amount of
food per gram of body weight increase than did the control animals.
This is expressed as food utilization efficiency (Table II). Control
animals were able to utilize consumed food more efficiently than BAPN
treated experimental animals. The reduced ~eight of BAPN treated animals
may have been due to a metabolic effect of BAPN. Statistical analysis
using the Studentts t-test, indicated that this variation in efficiency
of food utilization was significant at the p <0.01 level.
Qualitative histologic observations - Periodontal ligament
A representative overall response of orthodontic force application
on the periodontium of control and BAPN treated rats can be seen in
Figs. 5 and 6.
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Marked periodontal ligament alterations in the orthodontically
treated and contralateral internal cOL:rol heminaxil1ae of BAPN
treated animals were noted. Loss of ~~r-~l fiber and cellular
arrangement was found in the periodontium of BAPN treated animals
(Figs. 7 and 8). The periodontium of ~on-orthodontical1y treated
teeth in BAPN treated animals contained numerous areas of hemogeneolls
eosinophilic material (H & E staining) which were surrounde·d by
fibroblasts (Figs. 9 and 10). The latter were arranged in rows per-
pendicular to the normal ligament fiber orientation. They were not
orientated parallel to fiber bundles J as in the control animals
(Fig. 9). T~ese areas of eosinophilic material are a characteristic
finding in lathyrogen treated animals. T:~ey were not found within
the periodontium of those teeth subjec~ed to orthodontic force in BAPN
treated animals (Figs. 11 and 12). Hc~oganeously staining areas were
distributed throughout the juxtaradicular periodontal ligament. They
were not seen in adjacent areas such 2.3 a::long the transseptal grOtlp of
supracrestal periodontal fibers.
Periodontal ligament fibers appeared as very fine~ delicate
structures) which were loosely arrange.a in BAPN treated animals. The
BAPN treated periodontal membrane sho~ed numerous cell free areas
and palisaded arrangements of fibroblasts (Fig. 13). The periodontal
ligaments of the control group were ma~ked by thick, coarse fibers,
with definite orientation with respect to the adjacent cemental and
alveolar surfaces. Normal fiber orie~:ation and organization in BAPN
treated animals was not found.
Alveolar bone
Comparison of non-orthodontically treated experimental hemi-
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maxillae did not reveal any substantive differences in alveolar bone
architecture.
Alveolar bone response to orthodontic stimulation in the experi-
mental BAPN group (Fig. 12) resulted in more new bone apposition on
the tension side of the alveolus then found in the control animal
group (Fig. 11). The bone formation which occurr~d in BAPN treated
animals appeared to be following along stretched fibers (Figs. 14
and 15). The BAPN treated fibers often were seen attached to new
bone formation. Areas of new bpne formation were noted opposite the-"
mesial root of the maxillary first -molars and ppposite the distal root
of these teeth on the surface of the interdental septum (Fig. 16).
Mobility of the teeth, noted upon spring insertion, was greater
in BAPN treated animals. This ~y have contributed to tIle differing
patterns of periodontal architecture (Figs. 17 and 18) and amounts of
bone formation between the two animal groups, as is discussed below.
Examination of tibia and mandibles
Histologic examination of these areas showed osseous changes
characteristic of osteolathyrism. Disruption and disorganization of
the metaphyseal growth plate and the presence of large exostoses at
the proximal ends of the tibia were round. The exostotic areas were
highly cellular with a high density of newly entrapped osteocytes.
Staining for osteoid revealed no significant alteration in distri-
bution or quantity of this material bet~een animal groups.
Survey of the mandibles of experimental group animals revealed
bone formation similar to those at the tibia.
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Exa~ination of cranial sutures
The histology of cranial sutures in control and lathyrogen
··treated animals were not found to be significantly different upon
morphologic examination. Morphologic aberrations characteristically
found in the periodontium of experimental rats were not clearly
present in the cranial sutures. Staining for osteoid, and observa-
tion after Masson tri chrome staining, did not reveal significant
histologic differences oetween animal groups~
B~ Quantitative morphologic findings
All data collected for this survey was corrected for photographic
and microscopic magnification and converted to mm2 of bone formation.
Alveolar bone response opposite the mesial aspect of the mesial
root of orthodontically treated maxillary first molars
Alveolar Done fOrFAtion for orthodontically treated experimental
animals was found to range between 1.06 mm2 and 3.93 mm2 per average
parasagittal section, The same location in orthodontically treated
control animals yielded 0.42 mm2 to 1.95 mm2 of alveolar bone apposition
per average parasagittal section. The raw data is shown in Appendix II.
Statistical analysis using a nested analysis of variance, indicated
that, although there are significant sources of variance, the treatment,
effects are significant at the p<O .. 05 level (Table III and Appendix I,ll),
Table III sho~m significant sources of variance betwe.en tissue. sections,
p< 0.01 and 'Detween animals t P< 0.01.
Alveolar bone response at the interdental septum opposite
the distal root of orthodontically treated maxillary first molars
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Alveolar bone formation at this site ra~ged between 0.21 mm2
and 2.14 mm2 per average parasagittal tissue section in BAPN treat-
ed animals. Control orthodontical1y treated animals produced between
0.06 mm2 and 0.58 mm2 of alveolar bone per average parasagittal sec-
tion (Appendix IV).
There were significant sources of variation between tissue sec-
tions p<O.Ol, and between animals, p<O.Ol (Table IV). The treatment
effect. BAPN administration. was significant at the p<O.Ol level
when tested with the nested ANOVA (Table IV). Mean control group
bone formation was 0.45 mm2 _ 0.27 mm2 • Mean BAPN experioental group
bone formation was 1.28 mm2 ± 0.61 mm2 (Table IV and Appendix V).
The latter differences in bone formation were significant at the
p<O.Ol level using the Student's t-test.
DISCUSSION
The orthodontic appliance, utilizing a coil spring, allowed force
levels to be maintained at relatively constant levels. Previous in-
vestigators utilized rubber material wedged between teeth. (Baumrind
and Buck, 1970; Macapanpan, et al., 1954; Waldo, 1953; Waldo and
Rothblatt, 1954). This limited force application to a maximum duration
of five days. The rubber wedge appliance produced much higher initial
loading with more rapid load fall of over time than the present
technique. It was felt that a greater alveolar response occurred using
the coil spring appliance than had been previously reported in the lit-
erature, in part as a result of these factors (Waldo, 1954; ~~capanpan,
et al., 1954).
The architectural disorganization and morphologic appearance of
the periodontium as a result of BAPN ingestion was expected and had been
described previously in the literature (Gardner, et al., 1958; Krikos,
1958, 1959, 1964, 1965; Marwah, et al., 1963). The eosinophilic areas
which appear as a result of BAPN ingestion are thought to be collections of
ground substance or mucopolysaccharides. It has been reported that these
areas and associated periodontal disorganization occur only when the teeth
of treated animals are exposed to trauma, such as from the opposing
occlusion (Krikos, 1965). However, those teeth which were traumatized
in the current study, the orthodontically treated maxillary first molars,
did not evidence such areas in their periodontal ligaments. Stretching
of the ligament fibers due to orthodontic force application may break up
such structures if they have already formed. These areas ~~ere probably
present in the periodontium of these teeth before force application,
since they have been reported after two ~eeks of lathyrogen ingestion
20
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in other studies (Gardner, et al., 1.958; Krikos, 1958, 1959, 1964, 1965;
Macapanpan, et al., 1954). It appears that stretching the ligament
fibers causes a reorganization of these cell-free areas. Similarly,
such areas are not found among the supracrestal transseptal fiber
bundles, which were found to be well organized in BAPN treated animals
and are normally under some tension. Adjacent second molars of treated
animals not subjected to orthodontic force, exhibited periodontal
disorganization (Fig. 17). Although no homogeneous eosinophilic areas
were noted in the periodontium of the experimental orthodontically
treated first molars, their cellular and fiber elements did exhibit
changes consistent with osteolathyrism. Cell number per unit area of
ligament was reduced and fiber elements were finer than in the control
animals. These results are not in agreement with data previously re-
ported for D-penicillamine treated cats (Baker, 1970). He reported
that collagen fibers under these conditions rapidly deteriorated when
subjected to the stress of orthodontic force. This difference in obser-
vations may be a result of differences in the lathyrogans used, their
mechanism of action, and species variability.
Observat~on of relative periodontal ligament widths and alveolar
bone formation patterns, indicated that more tipping movement occurred
in the experimental group than in the control group. Molars of control
group animals probably tipped initially and then translated mesially.
Molars of the experimental group exhibited a continuous uncontrolled
tipping movement. Different tooth movement occurred in response to
similar orthodontic appliances. The uncontrolled tipping effect in the
experimental group was probably related to increased tooth mobility
seen in these animals. The latter allowed relative ease of elevation
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of the activated reolars out of their respective alveolus as a result of
the appliance insertion and activation procedure. The elevation effect-
ively increased the crOT"in root ratio for the molars of the experimental
group. It also moved the center of rotation coronally resulting in
relatively greater movecent of the radicular portions of the teeth of
BAPN treated animals.
Differing tooth movement patterns in.fluenced variation in alveolar
bone response depending upon whi.ch area of the first molar alveo·lus
was observed. At the mesial root alveolus of control-animals, initial
tipping movement resulted in bone formation adjacent to areas of fiber
tension. Subsequent, translational molar reovement then compressed this
portion of the periodontal ligament converting this area of tension into
a pressure bearing location (Fig. 18). This resulted in an interruption
of active bone apposition. Bone apposition at the mesial root alveolus
of control animals consequently did not occur in a consistent or contin-
uous manner'. In e:{perir:ental BAPN treated animals, the n101ar did tip
continuously, resulting in a longer period of consistent tooth movement
and continuous bone fo~~tion. The occurrance of greater alveolar bone
response at the mesial root alveolar in the BAPN treated group may be
partially explained by these factors.
The alveolar bone response observed at sites of ligament tension
adj acent to tb.e interder~tal septum of experimental orthodontically
treated first molars (Fig. 12) was greater than that observed for the
similar area in the control specimens (Fig. 11). This is significant,
as in this area, the ligament fibers ~ere al~~ays stretched whether trans-
latorj movement or ti?pL~g move~ent occurred. Tooth movement, fiber
orientation, and bony apposition always occurred in a consistent and
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continuous manner at this location.
The presenc~ of exostotic masses after seven days of BAPN in-
gestion indicates that substantial bone formation can occur relatively
quickly in BAPN treated animals. It is probable that these animals
are favorab~y disposed to relatively rapid alveolar bone formation in
response to the proper orthodontic stimulation. This finding is in
agreement with previous studies (Gardner, 1959; Marwah, et al., 1963).
However, the results of Baker (1970) who used D-penicillamine
(D-Pc) treated cats are not in agreement with the present findings. He
found that apposition of new bone in areas of ligament tension occurred
more slowly in the experimental group. The differences in findings
from the present study may be due to varying modes of action of BAI'N
and D-Pc~ although both are considered to be lathyrogens. Experi~lental
evidence suggests that there may be tissue selectivity or tissue
specificity with respect to the major site of D-Pc activity. This drug
appears to be relatively ineffective in altering the physical properites
of treated bone as compared to the activity of BAPN. D-penicillamine
is effective in reducing the tensile strength of rat skin and other non-
calcified collagen (Vogel~ 1975).
Alveolar bone distortion may be important for normal histologic
response to orthodontic force (Zenga et al., 1973). Since D-Pc treated
bone is relatively normal with respect to resistance to bending, the
weakened periodontal ligament fiber network would be ineffective as a
force distributing agent in producing distortion of the adjacent al-
veolar bone. Bone apposition under these circumstances would be ex-
pected to occur only minimally.
BAPN reduces the effectiveness of tne ligament fiber network as a
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force distributing agent. However, it also diminished the resistance
of adjacent bone to whatever bending stress is transferred. L~der
these circumstances, as in the present investigation, some bo~e fO~A-
tion would be expected to occur. Finding more bone formation in BAPN
treated animals than in orthodontic control animals, may indicate that
the mechanical properties of the bone are affected more than the pro-
perties of the periodontal ligament. Bone may distort more in the
,
BAPN an~ls, producing a greater alveolar response at the two areas
under investigation.
Statistical analysis of the quantitative data for bone response
at the interdental septum indicates significantly more bone formation
in the BAPN treated group. Significant variation between histologic
sections taken from the same animal (Table IV) may be due to non-uniform
or uneven alveolar bone response. This can be visualized if a composite
is made of serial parasagittal sections and then viewed from a cororlal
perspective. Data suggesting such variation in bone response within an
alveolus has been reported (Utley, 1968). This would indicate that
several sections should be taken from a given tissue block. ~esults
based upon observations on one section within each animal may lead to
incorrect interpretation and conclusions.
Significant variation was also noted between animals (Table IV).
This may have been due to variation in orientation of tissue blocks
for sectioning as well as due to differences in the amount of force
applied to the teeth, variation in tooth mobility and relative move-
ment, and to differences in the responsiveness of the tissue of
different animals.
SUMMARY lL~ CONCLUSIONS
In the present study orthodontic force was applied to the molars
of rats treated with the lathyrogen beta-aminopropionitrile (BAPN).
New bone formation was measured at two alveolar locations after nine
days of force application. Observation of histologic sections and
measurement of alveolar bone apposition resulted in the following
conclusions.
1. New alveolar bone formation in response to orthodontic force
in BAPN treated rats statistically exceeded corresponding bone forma-
tion in control animals when measured at two tension sites in the perio-
dontal ligament.
2. BAPN administration produced disorganization. of ~he collagenous
fibers of the periodontium of experimental animals. Fiber size, dis-
tribution~ and orientation were effected by the lathyrogen. Multiple
eosinophilic cell-free areas were found distributed throughout the
radicular portions of affected periodontal ligaments. Normal ligament
function architecture was disrupted in treated animals. The areas of
periodontium surrounding orthodontical1y treated teeth exhibited re-
latively normal organization under these conditions, while the perio-
dontium of adjacent non-orthodontical1y treated teeth was markedly dis-
organized. Orthodontic stimulation of the periodontium of BAPN treated
rats may have disrupted the formation of eosinophilic c.ell-free areas
characteristically seen in the periodontium of the experimental group.
3. The present results suggest that the typical histologic re-
sponse to orthodontic force application can occur in the presence of
a chemically and physically altered periodontium. The quantitative
data collected infers that fiber tension on the alveolus may not be
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absolutely necessary to stimulate bone fo~ation. Distortion of the
alveolus related to force application ~? be a more important factor
in initiating bone response. The fibers of the periodontium may play
a passive role in transferring force to the alveolus.
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Table 1
Summary of me~d of administration of lathyrogens
Article Latftyrogen/Dose Animal Duration of
Tx.
Method of Ad~ini­
stration
King et al. Ady
Exp.l-red .Biol.
11., 1972
BAP~ fumarate.
219-1080 mg/kg
body
Sprague-Dawley
rats (SD) f em.ale
teratologi.c
study
Gavage
Krikos J.O.Surg. 0.2% BAPN
11,1958
Wistar rat 21
days old #I
21 days ad libitum oral
Tsuruta Arch.G.B. 10/20/30 mg
19,1974 AAN/IOO gm
rat body wr.
Gardner JDR Pea Meal 50%
37,~958 by wt.
Gerber Arch.Bio- 0.4% BAPN
chern. 96,1962
male Wistar
8-l2wks old
22-43 day rats
male SD rat;
50 gms
10 days Sub Q
1wk;2wk;3wk. pair fed
7 days pair fed
Krikos JDR,
38,1959
Ponseti J. Bone
J.Surg 36A~1954
0.2% BAPN
50% pea meal
ma1e/femcle SD
weanling rats
male SD 22,28~
36,51, l:,,"'r old
3,6,9,13,17,23pair fed
28 days
35,42-204days pair fed .
Carmichael Calc.
Tiss.R. 14, 1974
0.4% BAPN
fumarate
male SD 400 gms 50 days pair fed
Krikos Arch. D.B. 0.4% BAPN
9, 1964 fumarate
male SD ~eanling 3)7,14 days
rats
pair fed
Krikos JDR,
44, 1965
0.4%, 0.6%
BAPN fumarate
male SD ~eanling, 7,14 days
young adult,aging
(55,200,':+00 gm)
pair fed
Marwah J. Period. 0.25% BAPN male SD weanling 14days
34, 1963 50% sweet pea
pair fed
l~oo,Arch. Path.
90, 1970
1.2 gm BAPN/kg. SD
diet
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Wist. variable pair fed
Table II
Summary of animal weight and food consumption data
Mean final
body weight(gms.)
l-Iean wt. of
food consumed
per animal(g::ls.)
Mean wt.
change per
animal(gms.)
Mean food
utilization
ef f iciency· ·
Group I
(controls) 391 798 189 4.3-
Group II
(experimental)
BAPN treated 292 577 83 7.9·
Indicates significance at the p<O.Ol level using the Student's t-test
Indicates relative efficiency of food utilization between the two groups
~ood consumed per gram of animal weight increment; Higher number indicates
less efficient metabolism
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Table III
Statistical Evaluation of Alveolar bone response at mesial root alveolus
Sourc~ of Variation df 55 MS F
.~
A) Between groups -
Treatment e.ffects 1 43.4 43.4 7.30 p<O •. f15
B) Between animals 10 59.42 5.942 29.06 p<Ol.Ol
C) Between histologic
sections 36 7.3636 0,.2045 31.95 p<O.Ol
D) Between multiple
tracings of each
section 96 0.6155 0.0064
.. ,
Mean bone formation
per section per animal
in mm2
13
Control Group
1.15 + 0.48
BAPN Treated Group
2.31 + 0.78
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Table IV
Statistic~l Evaluation of Alveolar bone response at interdental septum
Source of Variation df SS }1S F
"'- ..~~"
A) Bet~.J'een treatnents-
Lathyrized-Controls 1 32.95 32.95 10.13 p<O.Ol
B) Bett;veen ;.ni.l-:lal s - 10 32.54 3.254 35.95 p<O:Ol
C) Bet"\ve·e:1 7issue
Sections 36 3.26 0.0905 42.09 p<O.Ol
D) Within illt:ltiple
area Measurements
per sec.tie>n 96 0.207 0.00215
- -
Mean bone :ormation
per sectio~ per animal
in mm2
Control Group
0.45 + 0.27
BAPN Treated Group
1.28 + 0.61
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Fig. 1 - This is an occlusal view of t~e orthodontic
appliance in place. The arro~ indicates the
direction of maxillary right first molar move-
ment.
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Fig. 2 - The two areas o~ alveola~ bone selected for
measurement of Jone resp'Jnse are inciicated by
the rectangles. The arrow indicates the
direction of ma/illary first molar (M. ) move-
ment in respons~ t~ force application:
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Fig. 3 - The pattern of animal food consumption for con-
trol and experimental groups was similar. The·
arrow at day 9 indicates initiation of BAPN ad-
ministration. The arrow at day 23 indicates in-
itiation of orthodontic force.
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Fig. 4 - The effect of B,l\P~( on overa:l animal gro\'1th
as measured by weight chan£~ can be noted.
Initiation of BAPN administration on day 9
(see arrow) subsequently re~ulted in a di-
vergence of \~ei ght curves D::tv,een animal
groups. The arrotl/ at day 23 ir;dicates initiation
of orthodontic force.
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Fig. 5: ContrJl rat - hemimaxilla. The maxillary first
molar ~f) was subjected to orthodontic force in
the d~rection of the arrow. The position of the
coil spring (5) can be noted adjacent to the distal
root. Please note the widening of the perio-
do~tal ligament on the distal aspect of mesial and
distal roots. H & E, lOX.
Fig. 6: Exp2ri~ental rat - hernimaxilla. The maxillary first
molar l~1) was subjected to orthodontic force and
moved =esially (arrow). Please note the position
of t~e spring (8). The periodontal ligament on the
distal aspect of the distal root (a) and on the
mesial apical aspect of the mesial root (b) is
stretched. The interradicular periodontal ligament
is w~d=ned at at (c). These ligament changes in-
dicc.te that tooth movement occurred in a tipping
fashio~. H & E, lOX.
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Fig. 7: Control rat ~ mesial root Jf first molar. No
orthodontic force was 2pp:ied. Please note the
normal arrangement of the periodontal ligament
of the first molar (M) a=d the adjacent bone (B).
H & E, 63X.
Fig. 8: Area of mesial root of fi~3t molar of a BAPN treated
experimental rat. No ort~odontics was performed on
this side of the maxilla4 Please note the disorgan-
ization of the fiber arra~sement of the periodontal
ligament (P). Please note the alveolar bone (B)
opposite the mesial root ~:Jl) of the maxillary first
molar in the absence of orthodontic force application.
Cell free areas (1) can b~ observed. H & E, 63X.
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Fig. 9 Area of alveolus between first and second molar
of a contro~ rat. No orthodontic force was
delivered. Please note the normal arrangement
of the periodontal ligament (P) and its relation-
ship to adjacent bone (B) and to the distal root
of the maxillary first molar (M). H & E, 63X.
Fig. 10 BAPN treated experimental rat. No orthodontic
force was delivered. The periodontal ligament
adjacent at the distal root of the first molar
(M) shows several cell free (F) areas. Please
note the palisaded arrangement and alignment of
cells surrounding these areas. H & E, 63X.
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Fig. 11 Area of distal root of first molar of a control
rat subjected to orthodontic force. The perio-
dontal fibers (P) are coarse and thick. The
fibers have been stretched in response to active
tooth movement (arrow). H & E, 63X.
Fig. 12 Area of first nolar at the interdental septum of
a BAPN treated e~erimental rat which was subjected
to orthodontic force. Note the direction of tooth
movement (arrow) of the first molar (}I), new bone
(B) formation, and :he absence of cell free areas
in the periodontal ligament (P). H & E, 63X.
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Fig. 13 BAPN treated experimental rat no orthodontic
force was delivered. A high magnification of
periodontal ligament showing cell free areas
(F). Please note that ligament cells are
arranged in parallel fashion around the peri-
phery of these areas. H & E, 160X.
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Fig. 14 .Area of distal root of first molar of a BAPN
treated rat subjected to orthodontic force.
New bone (B) formation can be noted along the
line of stretched periodontal fibers as well as
in the line of force application (arrow).
H & E, 63X
Fig. 15 High magnification of bone fOl~tion and perio-
dontal fibers in a BAPN treated rat subjected to
orthodontic force. An area of neTN bone fOl.-m.ation
(B).is show~ after nine days of force application.
Note that there are no cell free areas as shawn
in figure 11. H. & E, 160X.
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• 16 BAP~ treated experimental rat. Orthodontic force
was applied to the first molar in the direction of
the arrow. Periodontal ligament fibers (P) stretch
with force application. Please note the number of
osteocytes in the new bone (B), which is a character-
istic of newly laid down bone in lathyrogen treated
animals. H & E, 63X.
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Fig. 17: Area of mesial root of maxillary second molar
adjacent to an orthodontically moved first molar.
Please note cell free areas (F) which are not
evident in periodontal menbrance of first molar
as sho\vu in figure 18. H & E, 63X.
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Fig. 18 Mesial root of first molar of a control rat subjected
to orthodontic force. New bone formation (B) as well
as area of periodontal fiber co~pression can be seen
adjacent to each other indicating a change in direction
of tooth movement. H & E, 63X.

Appendix I
AIlimal Weight and Food Consumption Data
\~eight Food Food
Initial Wt. Final Wt. Change Consumed Utilization
.~im.al .,'J. (gms.) (gms. ) (gros.) (grns.) Efficiency·1f
20 200 381 181 825 4.6
21 197 352 155 730 4.7
22 216 371 155 726 4.7
23 209 390 181 706 3.9
9 197 303 106 593 5.6
10 228 300 72 542 7.5
13 217 302 85 669 7.9
14 225 280 55 503 9.1
15 \ '236 302 66 571 8.7
l6 200 294 94 618 7.2
17 196 290 94 673 7.2
18 241 280 39 585 15.0
• ?ood utilization efficiency - food consumed per gram of animal
~Jeight increment; a higher number indicates less efficient
::letabolism
~~imals 20 - 23 are control group animals
Animals 9, 10 and 13 -18 are lathyrogen treated experimentals
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Appendix II
Alveolar bone formation on the tension side of the ~esial
root of the maxillary first ~olar
Anin.al If -20- -21-
Section # Q6-9 Q6-10 Q6-11 Q6-12 Q7-5 Q7-6 07-7 Q7-8
Tracing 1f1 1.57 1,13 1.45 1.16 1.06 0.81 1.03 0.94
#2 1.50 1.15 1.50 1,16 0.83 0.62 0.95 0.85
fJ3 1.54 1.16 1.52 1.18 0.92 0.86 1.00 0.96
Ave. / sectiot:'i 1.53 1.14 1.49 1.16 0.93 0.76 0.99 0.91
~ ..
Animal II -22- -23-
I
Section !! Ql-9 Q1-10 Q1-11 Ql-12 Q14-16 Q14-17! Q14-;l8 Q14-19
j
Tracing #1 l.~ 99 2,00 1,85 1,26 O~42 O~70 0,77 0.60.
li2 1,95 1 .. 90 1_69 1,23 0,41 O~82 0,67 0.68
1f3 1,93 1.91 ~~81 1.15 O~43 ··0" 77 0,66· 0,72
Ave./section 1,95 1,93 1.78 1,21 O~42
·0.76 I O~70 0 •. 66
Animal if
-9- -10-
Section Jt Q8-18 Q8-17 Q8-18 Q8-19 Q12-1 IQ12-2 012-3 012-41t
Tracing #1 3.88 3.85 3.43 3.83 2.94 2.95 2.98 2.19
f!2 3.90 4.03 2.99 3.76 3.04 2.27 2.80 2.11
1f3 3.87 3.92 3.05 3.45 2.72 2.68 2.87 2.53
Ave. / section. 3.88 3,93 3~15 3.68 2.90 2,63 2.88 2,27
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Appendix II Continued
Animal /,E -13- -14-
I
I
t
Section fI Ql-l Ql-2 Q1-3 01-41 Q2-2 Q2-2 Q2-2 Q2-2
t
•
Tracing 111 2.59 2.67 2.70 3. 27 1 2.51 2.70 2.70 2.80
112 2.68 2.81 2,63 3.2°1 2.43 2,68 2.72 2.77
113 2.70 2.72 2.60 3. 12 1 2.66 2.65 2.77 2.81
~
Ave./sectioI1 2.65 2.73 2.64 3. 19 1 2.53 2.67
1
" 2.73 2.79
Animal II -15- -16-
,
Section IF Q13-101 Q13-11 Q13-12 Q13-1: Q5-5 Q5-6 Q5-7 Q5-8
Tracing 111 1,94 I 2.08 1,43 1,50 1.74 1,92 1,40 2,00
/12 1.82 I 2.28 1,53 1.71 1.43 1.71 1.62 1,83
- /13 1.88 I 2,14 1.50 1.67 1.69 1.76 1.58 1~89
Ave./sect:ton 1.88 I 2,16 1.48 1.62 1,62 1.79 1.53 1·,90
Animal If -17- -18-
i ,
Section /1 Q3-1 I Q3-2 Q3-3 03-4 Q13-1 Q13-3 Q13-8 Q13-9
Tracing #1 1.35 I 1.15 1.08 1.41{ 2.35 2.13 1.48 1.49t
112 1.18 I 1,23 1.05 1.45 2.27 2.55 1.73 1.47113 1.21 1.25 1.07 1.50 2.28 2.23 1.65 1.50
t
f
Ave./section 1.24 f 1.21 1.06 1.45 2.30 2.30 1.62 1.48
I
D Alveolar bone formation in mm2 - data fer that section of alveolus
opposite the nesial aspect of the mesial root of the maxillary
right first molar - data corrected for =agnification
~ Animals # 20 - 23 controls
# 9, 10, 13 - 18 experimental
~ Tissue sectio~s - Tnese are histologic sections cut parasagittal1y
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Appendix II Continued
two on either side of the midsagittal plane of the maxillary
first molar,
4) Tracing number - This indicates that three tracings were made
for each histologic section.
5) Average/section - This is a mean value for the tracings taken of
each tissue section.
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Appendix III
Alveolar bone formation in mm2 at the
mesial aspect of mesial root
Control Group BAPN Treated Group
I .
Animal Number I 20 21 22 23 9 10 13 14 15 16 17 18
1
t
~
1
Area of new t
bone formation tt
per parasag:tt- t 1 •33 0.90 1.72 0.64 3.66 2.67 2.81 2.68 1.79 1.71 1.27 1.93
tal section
b3
Appendix IV
Alveolar bone formation at the interdental septum·
..
Animal II
-20-
-21-
Sectionfl Q6-13 Q6-14 I Q6-l5 Q6-16 Q7-9 Q7-10 Q7-11 Q7-12
t
Tracingll 1) 0.64 ·0.46·~[ 0.27 ' . 0.33 O·.~4 O~14 0.23 . b '. :'5
2) 0.53 0.45 0.28 0.34 0.~6 9.16 0.22 0.:3
3) 0.56 0.47 I 0.30 0.35 0.14 0.12 0.21 O. :3
Ave./sect. I
\
0.57 0.46 0.28 D.]£. 0.14 0.14 0.22 0.13
'. "- "- '.
"
... ,. .. . . " ....
I
Al1irnal U '.... . .. =-22-. , - ,
1
-23-
Sectionil
- .... ~ , ....... _w ... - , ,
Ql-161
"-
Ql-13 Q1-14 Ql-15 Q8-4 Q8-S Q8-6 Q8-7
Tracing/II) 0.31 0.50 0.33 0.43 0.13 0.07 0.05 0.09
2) 0.39 0.47 0.32 0.45 0.11 0.08 0.06 0.03
3) O. ']7 0.46 0.32 0.42 0.11 0.07 0.06 0.07
I
Ave./sect. ' . "' .. • 4 • "
0.36 0.48 0.32 0.43 0.12 0.07 0.06 O.O~
. . .. . -. ~ .." .... .. ...... . .. . .
Anfmall! . - . . . . . ... - '" .... =-9- . . .. ~
-10-
" "-
Sectionff J~9':'i ' Q9:'2 " Q9~3' . , . Q9~4 QIO-9 -. Q1b-lO Q1O-ll QIO-12
Tracingl,f1) 11.32 1.81 .. . i.64 1.26 1.61 2.08 2.16 1.78
2) 1.27 1.72 1.69 1.32 1.69 2.01 2. i 0 1.93
3) 11.31 1.57 1.54 1.35 1.74 2.03 2.11 1.97
Ave./sect. 1.30 1.70 1.62 1.31 1.68 2.04 2.12 1.9l
Animal# -13- -14-
Sectionll Q4-12 Q4-13 Q4-14 Q4-1S Q2-6 Q2-7 Q2-8 Q2-9
-Tracing/11 ) p.16 1.88 1.57 1.59 1.70 1.37 1.44 1.50
2) ~.lS 1.64 1.59 1.38 1.68 1.40 1.45 1.53
3) iZ.l1 1.70 1.61 1.50 1.67 1.43 1.44 1.5~
A\7e.Jsect. rl.14 1.74 1.59 1.49 1.68 1.40 1.44 I 1.51
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~;'nimal!f
-15- -16-
Section!! lQ12-13 Q12-15 Q12-17 Q12-21 Ql-19 Ql-20 Ql-21 1 Ql-22
Tracing!1 1) I 0.65 0.76 1.36 0.68 0.19 0.16 0.42 I 0.602)1 0.68 0.79 1.21 0.74 0.22 0.18 O.L2 0.54
3), 0.69 0.84 1.19 0.79 0.22 0.17 0.43 I 0.57
Ave./sect. l I
0.67 0.79 1.25 0.73 0.21 0.17 o /.·1 0.57."'"T_
I
Animal£!
-17-
-18-
Section# Q12-8 Q12-9 Q12-11 Q12-12 Q13-~ Q13-4 1 Q13-5 Q13-6
Tracing# 1) 0.39 0".87 0.38 0.50 1.86 1.64 2.03 1.84
2) 0.40 0.78 0.44 0.48 1.74 1.67 1.98 1.81
3) 0.45 0.86 0.49 0.52 1.77 1.68 1.99 1.82
Ave./sect. 0.41 0.83 0.43 I 0.50 1.79 1.66 l 2.00 1.82I t
2Alveolar bone formation in rom - data for section of interdental
septum facing distal aspect of distal root of maxillary right
first molar - data corrected for magnification.
2)
3)
4)
5)
Animals 20-23 are Group I - control
9, 10, 13 - 18 are Group II - experime~tal
Tissue sections - These are histologic sections cut
parasagittally, two on either side of the midsagittal plane
of the maxillary first molar.
Tracing number - This indicates that three tracings were made for
each histologic section.
Average/section - This is a mean value for the tracings taken
of each tissue section.
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Alveolar bone formation in mm2 at the interdental
septum opposite the distal root
d GB t.."O"". T1 Gcontra rOUD -~ ~.. reate roup
f I ,
I
ItAnimal :Numb er 20 21 22 23 f 9 10 13 14 15 16 17 18
t t
• Ii
: I
t
j ,
Area of new j I
bone fOnlation f I.jr
per parasagit- 0.42 0,16 0.40 O,82i 1.4811.34 1.74 1.51 0.86 O~55 0.34 1.82
tal section 1 ij IJ
